Background-A study was undertaken to evaluate and compare the eYcacy and safety of tiotropium and ipratropium during long term treatment in patients with stable chronic obstructive pulmonary disease (COPD). Methods-288 patients of mean (SD) age 65 (8) years and forced expiratory volume in one second (FEV 1 ) 41 (12)% predicted participated in a 14 centre, double blind, double dummy, parallel group study and were randomised after a run in period of two weeks to receive either tiotropium 18 µg once daily from a dry powder inhaler (HandiHaler; two thirds of patients) or ipratropium 40 µg four times daily from a metered dose inhaler (one third of patients) for a period of 13 weeks. Conclusions-Tiotropium in a dose of 18 µg inhaled once daily using the HandiHaler was significantly more eVective than 40 µg ipratropium four times daily in improving trough, average, and peak lung function over the 13 week period. The safety profile of tiotropium was similar to ipratropium. These data support the use of tiotropium as first line treatment for the long term maintenance treatment of patients with airflow obstruction due to COPD. (Thorax 2000;55:289-294) 
In patients with chronic obstructive pulmonary disease (COPD) bronchodilators are the first line approach to treatment. 1 The spirometric response to bronchodilators such as 2 agonists, anticholinergic agents and methylxanthines is, at best, very modest. However, even in the absence of significant bronchodilation an improvement in symptoms and exercise tolerance can be found. 2 In COPD cholinergic vagal tone is thought to be the only reversible component of airway obstruction. 3 Currently, anticholinergics feature prominently in European and American guidelines. 1 4 The anticholinergic agent ipratropium is an eVective and safe drug with few side eVects and without signs of tolerance during chronic treatment. However, its duration of action is limited to 4-6 hours and the agent is a non-selective blocker of all muscarinic receptor subtypes. 3 5 Blocking of M 2 receptors may account for some cases of paradoxical bronchoconstriction. 6 Tiotropium is a quaternary ammonium compound which is structurally related to ipratropium. In vitro work has shown that the compound has a unique kinetic selectivity for M 3 and M 1 versus M 2 receptors and dissociates 100 times more slowly than ipratropium from M 3 and M 1 receptors. 7 8 Only a few clinical single dose studies have so far been published in patients with COPD and asthma, which confirm that tiotropium is a potent and long acting bronchodilator suited for once daily administration. [9] [10] [11] Long term studies of more than one month have not been reported. The present study was designed to evaluate and compare the eYcacy and safety of tiotropium (18 µg) from a dry powder inhaler (DPI) once daily and ipratropium (40 µg) from a metered dose inhaler (MDI) four times daily in patients with stable, moderate to severe airway obstruction due to COPD. This study reports the first 13 weeks of a one year study with the focus on lung function.
Methods

PATIENTS
Patients were required to have a clinical diagnosis of COPD according to the ATS criteria and stable airways obstruction with forced expiratory volume in one second (FEV 1 ) of <65% predicted 12 and a ratio of FEV 1 to forced vital capacity (FVC) of <70%. Their age had to be at least 40 years and all had to be current or previous smokers (>10 pack years). Patients were excluded if they had a history of asthma, allergic rhinitis, atopy, or an increased total blood eosinophil count, a significant disease other than COPD, or a recent history of myocardial infarction, heart failure or cardiac arrythmia requiring drug treatment. In addition, patients were excluded if they were on oxygen therapy or had had an upper respiratory tract infection in the six weeks before screening. Patients with a known hypersensitivity to anticholinergic drugs, known symptomatic prostatic hypertrophy, and narrow angle glaucoma were also excluded.
STUDY DESIGN
Fourteen centres in the Netherlands participated in this randomised, double blind, double dummy, parallel group study which was approved by the medical ethics committees of The study had a run in period of two weeks and a treatment period of 13 weeks. FEV 1 and FVC measurements were performed after the first dose and after 8, 50, and 92 days of treatment. The patients continued to take the permitted medication for their COPD in stable doses, including methylxanthines, inhaled steroids, oral steroids up to 10 mg prednisone per day, and mucolytics. Long acting inhaled 2 agonists, oral 2 agonists, and cromolyn sodium were not allowed for at least one month before the screening visit as well as throughout the study period. Anticholinergics were allowed during the run in period but were discontinued at the randomisation visit. Patients were given open label salbutamol to use as rescue medication as necessary. They were allowed to increase or add oral steroids for two periods of seven days if necessary during exacerbations.
At the randomisation visit patients received either tiotropium 18 µg once daily (Spiriva) + ipratropium matched placebo four times daily, or tiotropium matched placebo once daily + ipratropium 40 µg four times daily (Atrovent). Tiotropium was inhaled from the HandiHaler, a dry powder inhaler system, 13 between 08.00 and 10.00 hours. Ipratropium (two puVs of 20 µg) was inhaled from a pMDI between 08.00 and 10.00 hours, at lunch, dinner, and when going to bed. Two thirds of the patients were randomised into the tiotropium group and one third into the ipratropium group using blocks of three patients.
MEASUREMENTS
Before entry and at the completion of the study patients underwent a medical examination, laboratory testing, and a 12-lead ECG. At each scheduled visit details of clinical status, adverse events, exacerbations, and withdrawals were recorded. Pulmonary function testing started always between 08.00 and 09.00 hours. FEV 1 and FVC measurements were obtained one hour before and immediately before inhalation and at 0.5, 1, 2, 3, 4, 5, and 6 hours after inha- lation of the trial drug. These measurements were performed with a spirometer meeting ATS criteria. 14 The highest values of FEV 1 and FVC from three technically adequate measurements were retained. Short acting theophyllines were withheld at least 24 hours, long acting theophyllines at least 72 hours, and short acting 2 agonists and inhaled steroids 12 hours before the pulmonary function test.
During the run in and treatment periods patients completed a daily diary card recording their morning and evening peak expiratory flow (PEF) and the use of concomitant salbutamol. PEF was measured using a mini-Wright peak flow meter immediately upon arising and before the inhalation of the study drugs and at bedtime before inhalation of the last daily dose. The best of three measurements was retained.
STATISTICAL ANALYSIS
Analysis of covariance was used, with terms for treatment and centre, and with baseline as the covariate. In the text part of the result section baseline means are based on raw data. All other means are adjusted for centre eVects and baseline values. As a consequence of this adjustment, the baseline values in the figures are the common baseline means (means of all raw data from both treatment groups combined).
Baseline FEV 1 was defined as the mean of the two FEV 1 readings in the morning of the randomisation visit prior to administration of study medication. For the other test days the mean of two FEV 1 readings at the end of the dosing interval for tiotropium was defined as trough FEV 1 -that is, after inhalation of one dose of tiotropium but fourth dose of ipratropium. The trough FEV 1 response was defined as the change from baseline in trough FEV 1 ; this parameter after 13 weeks of treatment was chosen as the primary eYcacy end point in order to establish the 24 hour duration of action of tiotropium. Since there was only one primary end point no adjustment for multiple comparisons is required. Additional bronchodilator parameters examined included the average and peak FEV 1 response during the six hour observation period on the pulmonary function test days. Analogous definitions were used for FVC based parameters.
When a patient could not continue in the study because of deterioration of COPD, the missing eYcacy data were estimated using the least favourable data observed prior to withdrawal from the study. For patients who missed study visits for other reasons, missing data were estimated using the patient's last observed data. For patients who did not complete all the pulmonary function measurements on a specific pulmonary function test day, linear interpolation was used to estimate random, missing, or middle spirometric measurements. Likewise, the minimum observed spirometric measurements on a specific test day were used to estimate values at the end of profiles that were missing because rescue medication was taken. Finally, the last available spirometric measurements were used to estimate values at the end of the profiles that were missing for reasons unrelated to the patient's treatment response.
Results
Of the 362 patients screened for entry into the study, 84 were not eligible. Of the remaining 288 patients, 191 were randomly assigned to the tiotropium group and 97 to the ipratropium group. The groups were well balanced for all demographic and baseline data (table 1). The withdrawal rates were similar in the two treatment groups (9.9% for tiotropium, 11.3% for ipratropium; table 2). 4 5 6 7 8 9 10 1 1 12 13 Weeks on treatment Evening PEF (l/min) * * * * * * * Figure 4 Weeks on treatment Puffs of salbutamol * * * * * * * * * * * * * Tiotropium Ipratropium
Figure 3 Mean (SE) values of morning and evening peak expiratory flow (PEF) over one week periods during treatment with tiotropium and ipratropium. The baseline means are adjusted for centre eVects. All other means are adjusted for centre eVects and baseline morning (tiotropium 254 l/min, ipratropium 247 l/min, p>0.05) and evening PEF (tiotropium 265 l/min, ipratropium 255 l/min, p>0.05). The common baseline mean morning PEF is 252 l/min and evening PEF is 262 l/min. *p<0.05 tiotropium versus ipratropium.
LUNG FUNCTION
The mean (SE) baseline FEV 1 at the start of the treatment period did not diVer between the two treatment groups (1.21 (0.03) l for the tiotropium group and 1.15 (0.04) l for the ipratropium group; p>0.05).
The FEV 1 time-response curves after inhalation of the morning doses of tiotropium and ipratropium on days 1, 8, 50, and 92 are shown in fig 1. Thirty minutes after inhalation of the first dose of tiotropium there was a clinically relevant increase of 15% in the common baseline mean (1.19 l) . The peak increase in FEV 1 at three hours after dosing amounted to 23% while an improvement of 21% was still present six hours after dosing. The inhalation of the first dose of ipratropium resulted after 30 minutes in an increase of 18%. The peak FEV 1 increase of 21% was achieved between one and two hours after dosing, while after six hours the response had dropped to 9% above baseline. Starting three hours after inhalation the improvement in FEV 1 was greater after tiotropium than after ipratropium (p<0.05).
On day 8 the mean trough increase in FEV 1 over baseline was 13% for tiotropium and there was an additional improvement of 13% to the peak value three hours after inhalation. This profile was maintained on days 50 and 92. The FEV 1 time-response curves of ipratropium were similar on all study days. As a consequence, the FEV 1 response at all time points on days 8, 50, and 92, except at 0.5 and one hour after inhalation, was significantly greater after tiotropium than after ipratropium (p<0.05). Table 3 shows that the FEV 1 trough, average over six hours, and peak response for tiotropium was greater than for ipratropium throughout the 13 week treatment period.
The results for FVC closely reflected those obtained for FEV 1 . The time-response curves for the four test days are shown in fig 2. In table 3 the FVC trough, averaged over six hours, and peak response for both test drugs are presented. Tiotropium performed consistently better than ipratropium. The diVerences in trough values were most pronounced (p<0.001), whereas diVerences in peak increase did not reach statistical significance (p>0.05).
PEAK EXPIRATORY FLOW
Baseline values of morning and evening PEF did not diVer between the groups (p>0.05). Figure 3 shows the weekly means (SE) of morning and evening PEF during the 13 week treatment period. The improvement in both morning and evening PEF was greater in the tiotropium group than in the ipratropium group. The diVerence in morning PEF between the groups was statistically significant up through week 10 (p<0.05). For evening PEF the diVerence reached statistical significance during the first seven weeks of the treatment period (p<0.05).
CONCOMITANT MEDICATION
At baseline the mean (SE) use of rescue salbutamol was 2.7 (0.2) puVs for the tiotropium group and 2.2 (0.3) puVs per day for the ipratropium group, the diVerence not being significant (p>0.05). In both treatment groups there was a drop in the use of rescue salbutamol, the reduction being greater in the tiotropium group than in the ipratropium group (p<0.05; fig 4) .
SAFETY
No significant diVerences were seen in the incidence of adverse events between the treatment groups (table 4). The only adverse event classified as drug related was dry mouth. This event was reported by 28 patients (14.7%) in the tiotropium group and 10 patients (10.3%) in the ipratropium group. Most reports were of mild intensity. In both the ipratropium and tiotropium groups the median time of onset was week 4 of treatment and the symptom persisted in about two thirds of the cases. None of the patients discontinued the study as a result of dry mouth.
In both treatment groups there were no clinically significant changes in vital signs, laboratory values, 12-lead ECG, or physical examination findings during treatment.
Discussion
This is the first long term study in which the bronchodilator eVect of tiotropium has been investigated and directly compared with that of ipratropium in patients with moderate to severe airflow obstruction due to COPD. Over the 13 week treatment period 18 µg tiotropium once daily via HandiHaler® achieved a significantly greater improvement in trough, peak, and average values of FEV 1 and FVC than 40 µg ipratropium four times daily. These data confirm the results of previous single dose studies 9 10 that tiotropium has a bronchodilating eVect of at least 24 hours. During the maintenance therapy with tiotropium the values of FEV 1 and FVC never returned to baseline values. There was still an improvement in trough FEV 1 and FVC response 24 hours after the previous dose that was even better than the improvement in FEV 1 and FVC found six hours after inhalation of ipratropium. Measurements after the first doses of both compounds showed that ipratropium had a more rapid onset of action than tiotropium. However, during maintenance therapy this diVerence was no longer of importance, as the "acute on chronic" eVect of tiotropium achieved greater bronchodilation than ipratropium. Furthermore, after both tiotropium and ipratropium the improvements in FVC were similar to those in FEV 1 . It is generally thought that anticholinergic agents produce their bronchodilating eVect mainly in the central airways. 15 16 Nevertheless, this increase in FVC might be interpreted as a diminution of air trapping and of closure of the small airways. 17 In keeping with the results of the clinic lung function, improvement in morning and evening PEF monitored at home was better in the tiotropium group and also the decrease in use of concomitant salbutamol was greater in the tiotropium group. It is known that in COPD the relationship between PEF and FEV 1 is poor and PEF may underestimate the degree of airways obstruction because of the airway collapsibility present in this disorder. 4 18 However, serial PEF measurements are of value in assessing treatment response. 19 Using weekly means of PEF recordings in the tiotropium group steady state was reached after two weeks and sustained during the treatment period, whereas in the ipratropium group PEF showed a tendency to increase throughout the 13 week period. Rennard et al 20 also found in their meta-analysis that extended administration of ipratropium is associated with improved baseline lung function.
For the present long term study the 18 µg dose of tiotropium was selected. This choice was based on the results of a recent four week clinical trial showing that this dose combines eVective bronchodilation for 24 hours with a low side eVect profile. 21 The pharmacokinetic steady state was reached within approximately 25 days and there was no evidence of long term accumulation of the drug in the plasma or urine. 22 Our data confirm that, with respect to both bronchodilator eVect and safety, 18 µg once daily is an appropriate regimen for maintenance therapy. In terms of both the trough and the acute response, pharmacodynamic steady state was reached within one week of treatment. This steady state was sustained throughout the treatment period.
Tiotropium appears to be a safe drug during long term treatment. No systemic cholinergic adverse eVects were observed. The only drug related adverse event was dry mouth, reported by 14.7% of the patients, which is slightly higher than the 10.3% incidence in the ipratropium group. None of the patients withdrew from the study because of this eVect.
At present the oYcial ATS guidelines 4 recommend regular use of anticholinergics as first line treatment in patients with COPD suffering from continuing symptoms. The present study shows that tiotropium has important and significant advantages over ipratropium. Tiotropium is more potent, has a longer duration of action, and is able to produce a permanent improvement in baseline lung function. It allows once daily dosing which is convenient for patients with COPD and may enhance compliance with treatment. However, we are aware that, in addition to spirometric indices, there are other outcome parameters including improvement in symptoms, exercise performance, and gain in health and well being that are relevant to the patient but are poorly related to improvement in FEV 1 and FVC. 2 The issues concerning health related quality of life will be addressed in the analysis of the results after one year of treatment.
In conclusion, 18 µg tiotropium once daily was significantly more eVective than 40 µg ipratropium four times daily in improving trough and peak lung function over the 13 week treatment period. The safety profile of tiotropium was similar to ipratropium. These data support the use of tiotropium as first line treatment for the long term maintenance treatment of patients with airflow obstruction due to COPD.
